The phosphotyrosine interaction domain containing 1 (PID1) gene was firstly isolated from obese subjects and involved in obesity-associated insulin resistance. In the present study, Duroc×Landrace×Yorkshire (DLY) pig PID1 cDNA was cloned. The entire open reading frame of the cloned porcine PID1 is 654 bp. The predicted protein is composed of 217 amino acids residues with a molecular mass of 24,774 Da. Over-expression of porcine PID1 significantly accelerated the proliferation of 3T3-L1 preadipocyte, but inhibited preadipocyte differentiation by decreasing the numerous fat droplets appeared and down-regulating the mRNA expression levels of peroxisome proliferators-activated receptor-γ, CCAAT/enhancer binding protein α, fat acid synthase and lipoprotein lipase. Together, these results suggest that porcine PID1 plays a role in regulating adipose development.
Introduction
In 2006, the phosphotyrosine interaction domain containing 1 (PID1, also named NYGGF4) was firstly isolated and characterized from human adipose tissue using suppression subtractive hybridization, whose expression was increased in obese subjects (Wang et al. 2006) . Until now, research topics focus on the PID1 gene cloning, the relationship between PID1 and insulin resistance, and the underlying mechanism and signal pathways of its role in insulin resistance (Zhang et al. 2009; Zhao et al. 2010a,b; Man et al. 2011; Wu et al. 2011; Chen et al. 2012) .
The PID1 gene is a novel gene related to obesityassociated insulin resistance, which may be as a functional candidate gene for fat deposits in pigs. Qian et al. (2010) reported that porcine PID1 mRNA expression level was positively correlated with porcine intramuscular fat content. However, very little research has been conducted on the function of porcine PID1. In the present study, we isolated the full-length coding sequences of porcine PID1 gene, constructed recombinant expression vector containing porcine PID1 gene, and investigated the effects of porcine PID1 on proliferation and differentiation of 3T3-L1 preadipocyte in vitro. These data provide a useful reference for further insight into the porcine PID1.
Material and methods

RNA extraction and reverse transcription
Total RNA was isolated from the liver samples of Duroc× Landrace×Yorkshire (DLY) pigs using RNAiso Plus reagent (TaKaRa, Dalian, China) according to the manufacturer's protocol and quantified using a Beckman DU-800 spectrophotometer (Beckman Coulter, Fullerton, CA, USA). cDNA was synthesized from RNA in a reverse transcriptase reaction using oligo-dT primers and PrimeScript 1 st Strand cDNA Synthesis Kit for RT-PCR (TaKaRa) according to the manufacturer's instructions.
Plasmid construction
The DNA encoding porcine PID1 (GenBank accession number: GU396255) was amplified by PCR using the following primers: 5' primer, 5'-ATGTGGCAGCCGGCCACGGAG-3' and 3' primer, 5'-TCAGCCATCATCGGATTCTAAC-3'. The PCR products were analyzed in 1.5% agarose, cleaned up using the UNIQ-10 column PCR product purification kit, ligated into the pUCm-T vector (Sangon, Shanghai, China), and transformed into the Escherichia coli Top10 (Tiangen, Beijing, China). Proper construction of the vector containing full-length porcine PID1 cDNA was confirmed by colony PCR and DNA sequencing and was named pUC-PID1. The cDNA encoding the mature porcine PID1 gene was PCR amplified using the specific primers (NGe-F: 5'-CCGGAATTCATGTGGCAGCCG-3' and NGx-R: 5'-GCTCTAGATCAGCCATCATCG-3') and the recombinant plasmid pUC-PID1 as a template. Primer NGe-F and NGx-R contained EcoRI and XbaI, respectively. After digestion with EcoRI and XbaI, the PCR product was ligated into the vector pcDAN3.1(+) (Invitrogen, Carlsbad, CA, USA). The recombinant plasmid was confirmed by colony PCR and DNA sequencing and named pcDNA3.1(+)-PID1. The concentration of the recombinant plasmid was determined using a Beckman DU-800 spectrophotometer.
Cell culture and transfection 3T3-L1 preadipocyte (ATCC CL-173) were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% (v/v) fetal bovine serum (FBS) (Invitrogen) and antibiotics (100 U/mL penicillin and 100 µg/L streptomycin) (Invitrogen) in a 5% CO2 incubator at 37
• C. Two days after complete confluence (day 0), the cells were then cultured in DMEM containing 10% FBS, 0.5 mM 1-methyl-3-isobutylxanthine (Sigma), 1 µM dexamethasone (Sigma), 10 µg/mL insulin (Sigma) and antibiotics and cultured for 2 days. Then the cell medium was shifted to medium containing 10% FBS, 10 µg/mL insulin and antibiotics for 48 h, followed by replaced with DMEM containing 10% FBS and antibiotics for the remaining culture period. 3T3-L1 cells were transfected with plasmid DNA by using Lipofectamine 2000 (Invitrogen) according to the protocols of the manufacturer.
EdU proliferation assay
Proliferating 3T3-L1 cells were analyzed by using the ClickiT EdU (5-ethynyl-2'-deoxyuridine) Alexa Fluor 594 imaging kit (Invitrogen) according to the manufacturer's instruction. Briefly, cells were incubated with 10 µM EdU for 4 h before fixation, permeabilization, and EdU staining. Cell nuclei were stained with Hoechst 33342 (Invitrogen) at a concentration of 5 µg/mL for 30 min.
Oil red O staining
The lipid droplets present in cells were visualized using an Oil red O staining kit (Genmed Scientifics Inc., USA) according to the manufacturer's instructions. Briefly, on day 9 of the differentiation, cells were fixed in 4% formaldehyde in phosphate buffer saline for 1 h at room temperature. After fixation, the cells were washed with 60% propan-1-ol and incubated with Oil red O solution (in 60% propan-1-ol) for 20 min, followed by repeated washings with distilled water before being destained in 100% propan-1-ol for 15 min. For quantitative analysis, the absorbed Oil red O was extracted in 100% isopropanol, and absorbance was measured at 510 nm (Lin et al. 2006) .
Real-time quantitative PCR
On day 9 of the differentiation, the cells were harvested for total RNA extraction. Total RNA was isolated and reverse transcribed according to the above-mentioned methods. Real-time quantitative PCR in a final volume of 10 µL were performed on an ABI 7900HT Real-time PCR system (384-cell standard block) using iTaq SYBR Green Supermix with ROX (Bio-Rad, Hercules, CA, USA). The gene specific primers are listed in Table 1 . Each pair of primers yielded a single peak in the melting curve and a single band of the expected size in the agarose gel. Identities of the PCR products were confirmed by DNA sequencing. Data analysis was performed using the comparative Ct method (Livak & Schmittgen 2001) and were normalized by GAPDH expression in each sample.
Nucleotide sequence accession number
The sequence reported in this paper has been deposited in the GenBank database (Benson et al. 2013) under the accession number KC524726.
Statistical analysis
All results are expressed as mean ± SE. Statistical significance was assessed by one-way ANOVA and Tukey's tests using SPSS11.5 software. Statistical significance was set at P < 0.05.
Results
Sequence analysis
The porcine PID1 gene was cloned from total RNA isolated from liver of DLY pigs (data not shown). The sequence prediction was carried out by the DNAMAN 6.0 software and results indicated that it contains 654 bp and encodes 217 amino acids residues with a molecular mass of 24,774 Da. The nucleotide and deduced amino acid sequences of the cloned porcine PID1 (from DLY pigs) shared 99.39% and 99.54% similarity to the known porcine PID1 nucleotide and amino acid sequences (from Laiwu pig) (GenBank: GU396255), respectively, with 2 nucleotide differences and 1 amino acid substitution at residue 183 (Val-Met) (Fig. 1) . Fig. 1 . Alignment of the predicted amino acids sequence for DLY pig PID1 (GenBank accession No.: KC524726) with the reported porcine PID1 sequence (GenBank: GU396255). Identical amino acids are highlighted. Fig. 2 . Over-expression of porcine PID1 promotes 3T3-L1 preadipocyte proliferation. 3T3-L1 cells were seeded in a 24-well plate at a density of 5×10 4 cells/well. After 24 h, the cells were transfected with 0.5 µg of the plasmid pcDNA3.1(+)-PID1 or the empty vector pcDNA3.1(+). Transfection mix was removed 6 h later and cells were grown in DMEM/10% FBS medium for 18 h, then medium was replaced with DMEM/0.5% FBS medium and grown for another 6 h. (a) Proliferating 3T3-L1 cells were labelled with EdU. The Click-it reaction revealed EdU staining (red). Cell nuclei were stained with Hoechst 33342 (blue). The images are representative of the results obtained. (b) The percentage of EdU-positive 3T3-L1 cells was quantified. Data were presented as mean ± SE (n = 10). **P < 0.01 as compared with control.
Over-expression of porcine PID1 promotes 3T3-L1 preadipocyte proliferation To examine the effect of porcine PID1 on preadipocyte proliferation, the porcine PID1 expression vector was constructed and transfected into 3T3-L1 cells. Twentyfour hours after the transfection, the mRNA level of porcine PID1 in 3T3-L1 cells transfected with the plasmid pcDNA3.1(+)-PID1 increased 22,315.27 ± 661.74 times (n = 3), compared with cells transfected with the empty vector pcDNA3.1(+) control (data not shown).
Under the same conditions, the proliferating 3T3-L1 cells were determined. As shown in Figure 2a , overexpression of porcine PID1 accelerated proliferation of 3T3-L1 cells. Quantitative analysis demonstrated that this change is statistically significant (Fig. 2b) .
Effect of porcine PID1 on adipocytic differentiation of 3T3-L1 preadipocyte To investigate the effect of porcine PID1 on preadipocyte differentiation, the porcine PID1 expression plasmid was transfected into 3T3-L1 cells before adipogenic stimulation (Fig. 3a) . Nine days after the transfection, the mRNA level of porcine PID1 increased 388.70 ± 29.59 times (n = 3), compared with control (data not shown). Thus, the intracellular fat accumulation and mRNA levels of adipocyte differentiation markers, such as peroxisome proliferators-activated receptor-γ (PPAR-γ), adipocyte determination and differentiation factor-1 (ADD1), CCAAT/enhancer binding protein α (C/EBP-α), fat acid synthase (FAS) and lipoprotein lipase (LPL), were tested. As shown in Figure 3b and 3c, following induced differentiation, numerous fat droplets were observed in the cells transfected with the empty vector, but few lipid droplets appeared in the porcine PID1 over-expressing 3T3-L1 cells. In addition, overexpression of porcine PID1 significantly down-regulated the mRNA expression levels of PPAR-γ, C/EBP-α, FAS and LPL (Fig. 3d ), but no difference was observed in the expression level of ADD1 (data not shown).
Discussion
PID1 is demonstrated to be a cytoplasmic protein and related to obesity-associated insulin resistance (Wang et al. 2006) . Intramuscular fat may be related to insulin resistance (Goodpaster & Wolf 2004) , but it positively affects pork meat quality (Fortin et al. 2005) . In order to study the relationship between porcine PID1 and adipogenesis, we cloned the porcine PID1 gene from DLY pigs. The entire open reading frame of the DLY porcine PID1 contains 654 nucleotides encoding a putative protein of 217 amino acids. The nucleotide and protein sequence analysis showed that the DLY pig PID1 has the closest genetic relationship and distance with the known Laiwu pig PID1.
To date, the study on porcine PID1 was mainly focused on the gene cloning and tissue expression analysis (Qian et al. 2010 (Qian et al. , 2011 , whereas little attention has been paid to the role of porcine PID1. A function for porcine PID1 in adipogenesis has not been reported. Adipogenesis is the process by which preadipocytes differentiate into mature adipocytes. Preadipocyte proliferation and differentiation have been widely studied with a well-characterized and reliable in vitro model using the 3T3-L1 preadipocyte cell line, which was isolated from Swiss 3T3 mouse embryos (Green & Meuth 1974; Poulos et al. 2010) . In this study, we investigated the effects of porcine PID1 on 3T3-L1 preadipocyte proliferation and differentiation. We found that over-expression of porcine PID1 stimulated The PPAR-γ, C/EBP-α, FAS, and LPL mRNA levels were determined by real-time quantitative PCR. The amount of PPAR-γ, C/EBP-α, FAS, and LPL mRNA were normalized to the amount of GAPDH mRNA. Results were the mean and standard errors from three independent experiments performed in duplicate. *P < 0.05, **P < 0.01 and ***P < 0.001 as compared with empty vector.
3T3-L1 preadipocyte proliferation, which is consistent with earlier research (Wang et al. 2006) . Adipogenesis has been reported to be regulated by various adipogenic transcription factors, such as PPAR-γ, C/EBP-α and ADD1 (Gregoire et al. 1998; Rosen & Spiegelman 2000) . Moreover, LPL and FAS are key enzymes involved in the regulation of lipid metabolism and play central roles in the control of lipid accumulation (Goldberg 1996; Semenkovich 1997) . Their expressions were upregulated during 3T3-L1 preadipocyte differentiation (Gregoire et al. 1998; Kusakabe et al. 2000) . In the present study, we demonstrated that over-expression of porcine PID1 suppressed 3T3-L1 preadipocyte differentiation through decreasing the expression levels of adipose differentiation related genes, such as PPAR-γ, C/EBP-α, FAS and LPL, but it did not affect the mRNA expression of ADD1. Our results are not consistent with results from a previous study in which human PID1 had no significant effect on several differentiation marker genes (PPAR-γ, LPL) during 3T3-L1 preadipocyte differentiation by semi-quantitative reverse transcription PCR assay (Wang et al. 2006) . There is an evidence that realtime quantitative PCR is the most sensitive and accurate method for quantitative of gene expression levels (Liu & Saint 2002) . The difference may be due to different method of assessing.
In summary, we cloned the porcine PID1 gene and demonstrated for the first time that the porcine PID1 could promote 3T3-L1 preadipocyte proliferation and suppress preadipocyte differentiation by decreasing the numerous fat droplets appeared and the gene expressions of PPAR-γ, C/EBP-α, FAS and LPL. The present study indicated that porcine PID1 might play a role in regulating adipose development. An interesting line of future investigation will be conducted to explore the exact molecular mechanism of porcine PID1 in adipogenesis within skeletal muscle.
